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(54) MOTOR USING ROTOR WITH BURIED PERMANENT MAGNET THEREIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the efficiency 
of a motor and reduce its vibrations and noises, by so 
providing, closely to the outer periphery of its rotor core, 
preventing holes for short circuit of its magnetic fluxes 
as to contact the preventing holes with the end portions 
of its permanent-magnet burying holes and its 
permanent magnets buried therein, and by using its rotor 
with the permanent magnets buried in the permanent- 
magnet burying holes. 

SOLUTION: Making a rotor 2 nearly cylindrical form and 
making it nearly concentric with a stator 1 , it has four 
magnetic poles oppositely to the inner peripheral surface 
of the stator 1 to support it rotatably by a bearing 
through using an shaft 24 as its center. For the rotor 2, 
there are buried planar permanent magnets 23 in four 
permanent-magnet burying holes 22 provided at a nearly 
equal space in the rotational direction of a rotor core 21 
and passed through the rotor core 21 in its axial 
direction. Further, in the rotor 2, closely to the outer 

periphery of the rotor core 21, preventing holes 27 for the short circuit of magnetic fluxes are 
so provided that they are contacted with the end portions of the permanent-magnet burying 




holes 22 and the permanent magnets 23 buried therein to bury the permanent magnets 23 in 
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the permanent-magnet burying holes 22. As a result, a highly efficient motor with low cogging 
torque and reduced vibrations and noises is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Rota which approached the periphery of a rotor core, was equipped with the hole for 
magnetic-flux short circuit prevention so that the edge of the permanent magnet laid under the 
hole for permanent magnet laying under the ground and it might be touched, and laid said 
permanent magnet under said hole for permanent magnet laying under the ground. 
[Claim 2] The motor which has Rota which approached the periphery of a rotor core, was 
equipped with the hole for magnetic-flux short circuit prevention so that the edge of the 
permanent magnet laid under the hole for permanent magnet laying under the ground and it might 
be touched, and laid said permanent magnet under said hole for permanent magnet laying under 
the ground, and the stator of the shape of an approximate circle annulus which has two or more 
teeth. 

[Claim 3] Rota [ equipped with the member part which prepares the hole for magnetic-flux short 
circuit prevention inside a rotor core periphery edge, and forms the rotor core of a narrow 
interval between said hole for magnetic-flux short circuit prevention, and said rotor core 
periphery edge ] according to claim 1. 

[Claim 4] The include angle which the width of face of the part close to the rotor core periphery 
of the hole for magnetic-flux short circuit prevention makes to a rotor core core is Rota 
according to claim 1 where the width of face of the longitudinal direction which faces the rotor 
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core periphery side of a permanent magnet is smaller than the include angle made to a rotor 
core core. 

[Claim 5] The radial width of face of the hole for magnetic-flux short circuit prevention is a 
motor according to claim 1 or 2 using Rota made into the air gap twice [ more than ] the die 
length of the stator which counters Rota and its Rota. 
[Claim 6] Rota according to claim 1 whose permanent magnet is plate-like. 

[Claim 7] The hole for magnetic-flux short circuit prevention adjacent to the hole for permanent 
magnet laying under the ground and permanent magnet edge in a certain Rota magnetic pole, 
The inside of the hole for magnetic-flux short circuit prevention in the Rota magnetic pole which 
adjoins the Rota magnetic pole, Rota according to claim 1 using Rota arranged at the degree of 
abbreviation 120/Nm when include-angle thetaa of the rotor core part close to the Rota 
periphery including the hole for magnetic-flux short circuit prevention of the side near the 
former hole for magnetic-flux short circuit prevention sets the number of the Rota magnetic 
poles to Nm. 

[Claim 8] Rota according to claim 1 using Rota whose permanent magnet is a rare earth magnet. 
[Claim 9] Rota according to claim 1 which arranged non-magnetic material on all or a part of 
holes for magnetic-flux short circuit prevention. 

[Claim 10] Rota according to claim 9 which fabricated the permanent magnet to the space which 
is the interior for permanent magnet laying under the ground of a hole, and was limited with non- 
magnetic material. 

[Claim 1 1] Rota according to claim 1 using Rota whose several Nm Rota magnetic pole is 4. 
[Claim 12] The motor according to claim 2 whose ratios of a rotor core outer diameter to a 
stator-core outer diameter are 0.47 or more and 0.5 or less. 

[Claim 13] From the hole edge for magnetic-flux short circuit prevention in a certain Rota 
magnetic pole, it counts from said Rota magnetic pole, and can set to a clock or a half-clockwise 
rotation at the i-th Rota magnetic pole (i is the natural number of the less than several Nm Rota 
magnetic pole). Include-angle thetai to the hole edge for magnetic-flux short circuit prevention 
equivalent to the hole edge for former magnetic-flux short circuit prevention When the value 
which divided the number of teeth of a stator by Nt, and divided said i for j by Nm/2 of the one 
half of the several Nm Rota magnetic pole serves as an integer and it does not become 0 and an 
integer When the decimal part of the value which divided these i by said Nm/2 among different i 
is the same and it considers as the same integer which is less than Nm/2, it is thetai=360.i- 
/Nm+720j/(Nt-Nm). 

It comes out and is a certain motor according to claim 2. 

[Claim 14] The motor according to claim 2 or 13 whose number of stator teeth is 3Nm. 
[Claim 15] The motor according to claim 1, 2, or 13 by which the include angle which the width of 
face of the part close to the rotor core periphery of the hole for magnetic-flux short circuit 
prevention makes to a rotor core core has two or more kinds of values. 

[Claim 16] Rota according to claim 1 using Rota which laid the permanent magnet under the hole 
for circular permanent magnet laying under the ground of concave to the Rota periphery side. 
[Claim 1 7] Rota according to claim 1 which formed each Rota magnetic pole by preparing two or 
more holes for permanent magnet laying under the ground in the shape of V character to the 
Rota periphery side, and laying two or more permanent magnets under said hole for permanent 
magnet laying under the ground. 

[Claim 18] Rota according to claim 1 which laid the permanent magnet under the hole for circular 
permanent magnet laying under the ground of concave to the Rota periphery side, and formed 
the separate Rota magnetic pole on the inside and the outside of radii of said permanent magnet. 

[Claim 19] Give 1, 2 Nm and a number, count from the Rota magnetic pole of said criteria, and 

it sets to the i-th Rota magnetic pole, the Rota magnetic pole which adjoins a clock or a half- 
clockwise rotation on the basis of a certain Rota magnetic pole — continuing — i= — When the 
include angle which the width of face of the part close to the rotor core periphery of the hole for 
magnetic-flux short circuit prevention of the Rota magnetic pole left end section makes to a 
rotor core core is set to deltaiR, it of deltaiL and the Rota magnetic pole right end section n It 
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fixes as 1 or more, Nm / two or less integer. deltaOL and R It is larger than 0 and are smaller 
than the degree of 60/Nm. j The motor according to claim 1 or 2 which the integers from 0 to 
(Nm / 2n)-1 shall be taken independently by a unit of n times in the Rota magnetic pole left end 
section and the right end section, respectively, and are deltaiL, R=delta OL, and R+-/Nm2 when 
the number is the case where the number of said i is even, and odd. 
[Claim 20] deltaOL, the motor according to claim 19 which is R=120.n/Nm2. 
[Claim 21] The motor according to claim 19 which is n= 1. 

[Claim 22] The motor according to claim 2 whose number of stator teeth is Nm (3/2). 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the motor for a drive used for air-conditioning 
equipment, various industrial devices, etc. Especially, a permanent magnet is embedded in the 
Rota section incore, and it is related with the structure of a motor of using effectively not only 
magnet torque but reluctance torque. 
[0002] 

[Description of the Prior Art] The motor which realizes a well head is known by using magnet 
torque and reluctance torque for the Rota section incore collectively by embedding a permanent 
magnet as indicated by conventional, for example, Japan, patent application JP,8~331823,A. 
Drawing 15 shows the sectional view of this conventional kind of motor. A stator 1 consists of 
the York section 1 2 which connects the root of two or more teeth 1 1 and its teeth 1 1 , and is 
carrying out the shape of an approximate circle annulus. The three phase coil is given to two or 
more slots 13 formed among two or more of the teeth 11. Rota 7 has the shape of a cylindrical 
shape of a stator 1 and the abbreviation same axle, counters stator inner skin, has four Rota 
magnetic poles, and it is supported by bearing (not shown) so that rotation may become free 
centering on a shaft 24. The tabular permanent magnet 73 is laid under the four holes 72 for 
permanent magnet laying under the ground through which Rota 7 is established in the hand of 
cut of the rotor core 71 at abbreviation regular intervals, and it pierces to shaft orientations. 
Moreover, an end plate (not shown) is arranged on the both ends of the shaft orientations of the 
rotor core 71, and the permanent magnet 73 is fixed to the rotor core 71 by letting the rivet pin 
26 pass to a through hole 25. The Rota periphery has notching 77 near the boundary line of the 
Rota magnetic pole, and the longitudinal direction both ends of a permanent magnet 73 are close 
to the notching 77. By the rotating magnetic field formed of the current which flows to stator 
winding. Rota 7 is rotated, when the Rota magnetic pole draws in or opposes to the teeth 1 1 of a 
stator 1. 

[0003] In the above-mentioned configuration, the relation of Ld<Lq is materialized between the 
inductance Ld of d shaft orientations which intersect perpendicularly with the Rota magnetic 
pole, and the inductance Lq of q shaft orientations which pierce through the boundary line of the 
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Rota magnetic pole. 

[0004] If the torque T of a motor sets the number of pole pairs of Rota to Pn and it generally 
sets [ a flux linkage ] I and the leading phase angle (setting to an electrical angle) of Current I to 
beta for psia and a stator-winding current T=Pn {psia-I-cosbeta+0.5(Lq-Ld) I2andsin2beta} 

(1) 

It is come out and expressed. In the above-mentioned (1) formula, the first term expresses 
magnet torque and the second term expresses reluctance torque. When filling the relation of 
Ld<Lq here, by performing current tooth-lead-angle control, it is set to beta> 0 and reluctance 
torque occurs. By setting the value of this beta as a predetermined value, it is possible in the 
same current to generate the larger torque T compared with the time only of magnet torque. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it will be small by the magnetic flux which 
short-circuits through the magnetic path Pa of the steel plate section, without the magnetic flux 
of a permanent magnet edge contributing effective in torque generating over [ since the steel 
plate section high / of permeability / is between notching given to the hole for permanent 
magnet laying under the ground, and Rota periphery with the above-mentioned configuration ] a 
stator 1, namely, magnet torque short-circuited, and will become, and effectiveness falls. 
Moreover, it had the fault that cogging torque became large and vibration and the noise became 
large according to generating of the short circuit magnetic flux. 

[0006] This invention is for solving the above-mentioned technical problem, and a motor 

efficiency is high and offers a motor with small vibration and noise. 

[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
motor of this invention is equipped with the hole for magnetic-flux short circuit prevention so 
that the edge of the permanent magnet which approaches the periphery of a rotor core and is 
laid under the rotor core by the hole for permanent magnet laying under the ground and it may 
be touched, and Rota which laid the above-mentioned permanent magnet under the above- 
mentioned hole for permanent magnet laying under the ground is used for it. By this preventing 
the short circuit of the magnetic flux in a permanent magnet edge, and committing the magnetic 
flux of the edge of a permanent magnet effective in torque generating over a stator, it is 
efficient, and cogging torque is low, and a motor with little vibration and the noise is offered. 
[0008] Moreover, the motor of this invention is equipped with the hole for magnetic-flux short 
circuit prevention so that the edge of the permanent magnet which approaches the periphery of 
a rotor core and is laid under the rotor core by the hole for permanent magnet laying under the 
ground and it may be touched, and it has Rota which laid the above-mentioned permanent 
magnet under the above-mentioned hole for permanent magnet laying under the ground, and the 
stator of the shape of an approximate circle annulus which has two or more teeth. By this 
preventing the short circuit of the magnetic flux in permanent magnet both ends, and committing 
the magnetic flux of the edge of a permanent magnet effective in torque generating over a 
stator, it is efficient, and cogging torque is low, and a motor with little vibration and the noise can 
be offered. 

[0009] Moreover, the hole for magnetic-flux short circuit prevention where the Rota 
configuration touches preferably the permanent magnet edge laid under the hole for permanent 
magnet laying under the ground of a certain Rota magnetic pole, and it, The inside of the same 
hole for magnetic-flux short circuit prevention in the Rota magnetic pole which adjoins the Rota 
magnetic pole, When the number of the Rota magnetic poles is set to Nm, include-angle thetaa 
of the rotor core part close to the Rota periphery including the hole for magnetic-flux short 
circuit prevention of the side near the former hole for magnetic-flux short circuit prevention by 
accomplishing to the degree of abbreviation 1 20/Nm It can use magnetic flux effectively, and it 
can make cogging torque and torque pulsation small, and it is not only efficient, but can suppress 
vibration and the noise low. 
[0010] 

[Embodiment of the Invention] Permanent magnet Rota of the invention in this application 
approaches the periphery of a rotor core, and it has a hole for magnetic-flux short circuit 
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prevention so that the edge of the permanent magnet laid under the hole for permanent magnet 
laying under the ground and it may be touched. When it is the configuration of having laid said 
permanent magnet under said hole for permanent magnet laying under the ground, the short 
circuit of the magnetic flux of permanent magnet hoop direction both ends is prevented and the 
magnetic flux of a permanent magnet works effective in torque generating over a stator, while 
making effectiveness high Cogging torque is low and can offer a permanent magnet motor with 
little vibration and noise. 

[001 1] Furthermore, the hole for magnetic-flux short circuit prevention may be prepared inside a 
rotor core periphery edge, and you may have the member part which forms the rotor core of a 
narrow interval between said hole for magnetic-flux short circuit prevention, and said rotor core 
periphery edge. 

[0012] Furthermore, the width of face of the longitudinal direction which faces the rotor core 
periphery side of a permanent magnet may make smaller than the include angle made to a rotor 
core core the include angle which the width of face of the part close to the rotor core periphery 
of the hole for magnetic-flux short circuit prevention makes to a rotor core core. 
[0013] Furthermore, Rota made into the air gap twice [ more than ] the die length of the stator 
which counters Rota and its Rota may be used for the radial width of face of the hole for 
magnetic-flux short circuit prevention. 

[0014] Furthermore, a permanent magnet may be plate-like. Furthermore, the hole for magnetic- 
flux short circuit prevention adjacent to the hole for permanent magnet laying under the ground 
and permanent magnet edge in a certain Rota magnetic pole, The inside of the hole for 
magnetic-flux short circuit prevention in the Rota magnetic pole which adjoins the Rota 
magnetic pole, When include-angle thetaa of the rotor core part close to the Rota periphery 
including the hole for magnetic-flux short circuit prevention of the side near the former hole for 
magnetic-flux short circuit prevention sets the number of the Rota magnetic poles to Nm, you 
may be Rota arranged at the degree of abbreviation 120/Nm. 

[0015] Furthermore, Rota whose permanent magnet is a rare earth magnet may be used. 
Furthermore, non-magnetic material may be arranged on all or a part of holes for magnetic-flux 
short circuit prevention. 

[0016] Furthermore, a permanent magnet may be fabricated to the space which is the interior for 
permanent magnet laying under the ground of a hole, and was limited with non-magnetic material. 

[0017] Furthermore, Rota whose several Nm Rota magnetic pole is 4 may be used. Furthermore, 
the ratios of a rotor core outer diameter to a stator-core outer diameter may be 0.47 or more 
and 0.5 or less. 

[0018] Furthermore, from the hole edge for magnetic-flux short circuit prevention in a certain 
Rota magnetic pole, it counts from said Rota magnetic pole, and can set to a clock or a half- 
clockwise rotation at the i-th Rota magnetic pole (i is the natural number of the less than 
several Nm Rota magnetic pole). Include-angle thetai to the hole edge for magnetic-flux short 
circuit prevention equivalent to the hole edge for former magnetic-flux short circuit prevention 
When the value which divided the number of teeth of a stator by Nt, and divided said i for j by 
Nm/2 of the one half of the several Nm Rota magnetic pole serves as an integer and it does not 
become 0 and an integer When the decimal part of the value which divided these i by said Nm/2 
among different i is the same and it considers as the same integer which is less than Nm/2, it is 
thetai=360.i-/Nm+720j/(Nt-Nm). 
You may come out. 

[0019] Furthermore, the number of stator teeth may be 3Nm. Furthermore, the include angle 
which the width of face of the part close to the rotor core periphery of the hole for magnetic- 
flux short circuit prevention makes to a rotor core core may have and carry out two or more 
kinds of values. 

[0020] Furthermore, Rota which laid the permanent magnet under the hole for circular 
permanent magnet laying under the ground of concave to the Rota periphery side may be used. 
[0021] Furthermore, two or more holes for permanent magnet laying under the ground may be 
prepared in the shape of V character to the Rota periphery side, and each Rota magnetic pole 
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may be formed by laying two or more permanent magnets under said hole for permanent magnet 
laying under the ground. 

[0022] Furthermore, a permanent magnet may be laid under the hole for circular permanent 
magnet laying under the ground of concave to the Rota periphery side, and the separate Rota 
magnetic pole may be formed on the inside and the outside of radii of said permanent magnet 

[0023] Give 1, 2 Nm and a number, count from the Rota magnetic pole of said criteria, and it 

sets to the i-th Rota magnetic pole, furthermore, the Rota magnetic pole which adjoins a clock 
or a half-clockwise rotation on the basis of a certain Rota magnetic pole — continuing — i= — 
When the include angle which the width of face of the part close to the rotor core periphery of 
the hole for magnetic-flux short circuit prevention of the Rota magnetic pole left end section 
makes to a rotor core core is set to deltaiR, it of deltaiL and the Rota magnetic pole right end 
section n It fixes as 1 or more, Nm / two or less integer. deltaOL and R It is larger than 0 and are 
smaller than the degree of 60/Nm. j When the number is the case where the number of said i is 
even, and odd, the integers from 0 to (Nm / 2n)-1 shall be taken independently by a unit of n 
times in the Rota magnetic pole left end section and the right end section, respectively, and you 
may be deltaiL, R=delta 0L, and R+-/Nm2. Furthermore, you may be deltaOL and R=120.n/Nm2. 
moreover, n= 1 may come out. Moreover, the number of stator teeth may be Nm (3/2). 
[0024] 

[Example] The example of this invention is explained below, referring to a drawing. 
[0025] (Example 1) Drawing 1 is the sectional view of the motor in which the 1st example is 
shown. A stator 1 consists of the York section 12 which connects the root of 12 teeth 1 1 and 
those teeth 11, and is carrying out the shape of an approximate circle annulus. The distributed 
winding is given to 12 slots 13 formed among those teeth 1 1 every three pitches for each phase 
of a three phase coil. 

[0026] Rota 2 has the shape of a cylindrical shape of a stator 1 and the abbreviation same axle, 
counters stator inner skin, has four Rota magnetic poles, and it is supported by bearing (not 
shown) so that rotation may become free centering on a shaft 24. The tabular permanent magnet 
23 is laid under the four holes 22 for permanent magnet laying under the ground through which 
Rota 2 is established in the hand of cut of the rotor core 21 at abbreviation regular intervals, and 
it pierces to shaft orientations. Moreover, an end plate (not shown) is arranged on the both ends 
of the shaft orientations of the rotor core 21, and the above-mentioned permanent magnet 23 is 
fixed to the above-mentioned rotor core 21 by letting the rivet pin 26 pass to a through hole 25. 
By the rotating magnetic field formed of the current which flows to stator winding (not shown), 
Rota 2 is rotated, when the Rota magnetic pole draws in or opposes to the teeth 1 1 of a stator 
1. 

[0027] Rota 2 approaches the periphery of the above-mentioned rotor core 21, it is equipped 
with the hole 27 for magnetic-flux short circuit prevention so that the edge of the permanent 
magnet 23 laid under the hole 22 for permanent magnet laying under the ground and it may be 
touched, and it is laying the above-mentioned permanent magnet 23 under the above-mentioned 
hole 22 for permanent magnet laying under the ground here. 

[0028] The magnetic flux generated from the edge of a permanent magnet 23 by making it such a 
configuration is committed effective in torque generating over a stator 1, without connecting too 
hastily like the conventional example of drawing 15 , since there is a hole 27 for magnetic-flux 
short circuit prevention. Thereby, it is efficient, and cogging torque is low, and a motor with little 
vibration and the noise can be realized. 

[0029] Moreover, Rota 2 formed the hole 27 for magnetic-flux short circuit prevention inside the 
rotor core periphery edge, and is equipped with the steel plate part which forms the rotor core 
21 of a narrow interval between the above-mentioned hole 27 for magnetic-flux short circuit 
prevention, and the above-mentioned rotor core periphery edge. 

[0030] Although the distance S of the hole 27 for magnetic-flux short circuit prevention and a 
rotor core periphery edge is magnetically good so that it is small here, from a side on the 
strength, it is so good that it is large. Usually, the above-mentioned distance S is good to make 
it 0.8 or more times of the board thickness of one sheet of the laminating steel plate which are 
an air gap between Rota 2 and the teeth 1 1 of a stator 1, and below equivalent, and forms the 
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rotor core 21. 

[0031] Moreover, as for the radial width of face a of the hole 27 for magnetic-flux short circuit 
prevention, it is desirable to take a sufficiently big value to the air gap between the teeth 1 1 of 
the stator 1 which counters Rota 2 and its Rota 2, and it should just usually make it twice [ more 
than ] the above-mentioned air gap. 

[0032] Moreover, the include angle which the width of face of the part close to the rotor core 
periphery of the hole 27 for magnetic-flux short circuit prevention makes to a rotor core core 
has the width of face of the longitudinal direction which faces the rotor core periphery side of a 
permanent magnet 23 smaller than the include angle made to a rotor core core. 
[0033] That is, the die length of the part close to the rotor core periphery of the hole 27 for 
magnetic-flux short circuit prevention needs to be extent to which the magnetic flux of 
permanent magnet 23 edge does not bar the flow of the magnetic flux over a stator 1 . It 
contributes to torque generating effectively over a stator 1 certainly, without the magnetic flux 
of permanent magnet 23 edge connecting too hastily at the both ends of the permanent magnet 
23 edge by doing so. 

[0034] Moreover, it is plate-like, and the manufacture is easy for the permanent magnet 23 laid 
under the hole 22 for permanent magnet laying under the ground, and is cheap. Moreover, since 
the permanent magnet 23 is plate-like, the clearance between the permanent magnets 23 which 
can secure good dimensional accuracy and are laid under the hole 22 for permanent magnet 
laying under the ground of the rotor core 21 and there is made small and the magnetic 
reluctance between a permanent magnet 23 and the rotor core 21 can be stopped small, a motor 
with high effectiveness is realizable. 

[0035] Moreover, the miniaturization of a motor can be attained by using a rare earth magnet for 
the permanent magnet 23 laid under the hole 22 for permanent magnet laying under the ground. 
In the motor which has the same output, it is because flux density is large compared with the 
case where a ferrite magnet is used when a rare earth magnet is used, so equivalent 
effectiveness is realizable by the volume of abbreviation one half. Moreover, although the 
thickness can be made small since coercive force of a rare earth magnet is high, in the Rota 
configuration of the conventional example, the short circuit of magnetic flux occurs mostly at the 
both ends of the longitudinal direction of a permanent magnet by making thickness small. Then, it 
becomes a very effective means to prevent the short circuit of magnetic flux by the hole 27 for 
magnetic-flux short circuit prevention like the configuration of this invention. 
[0036] By the above-mentioned configuration, effectiveness improved 1 to 3% in each load point 
as compared with the motor in the conventional example. 

[0037] moreover, the time of the number of the holes 22 for permanent magnet laying under the 
ground being the several Nm Rota magnetic pole and the same number, and setting the radius of 
a rotor core to r, as for Rota 2 — thickness b of the edge of a permanent magnet 23 — pir / 
(3Nm) following — then, it is good. In the example of **** 1, the number of the holes 22 for 
permanent magnet laying under the ground is 4, it is four Rota magnetic poles and the same 
number, and when the radius of the rotor core 21 is set to r, thickness b of permanent magnet 
23 edge should just carry out to less than pir/12. 

[0038] Moreover, include-angle thetaa of the rotor core part close to the Rota periphery 
including the hole 27 for magnetic-flux short circuit prevention of a side with Rota 2 near the 
former hole 27 for magnetic-flux short circuit prevention among the hole 27 for magnetic-flux 
short circuit prevention adjacent to the hole 22 for permanent magnet laying under the ground 
and permanent magnet 23 edge in a certain Rota magnetic pole and the hole 27 for magnetic- 
flux short circuit prevention in the Rota magnetic pole which adjoins the Rota magnetic pole is 
arranged at the degree of abbreviation 120/Nm. That is, in the example of **** 1, since the 
several Nm Rota magnetic pole is 4, the above-mentioned include-angle thetaa is arranged so 
that it may be made the include angle of a hand of cut and may become 30 degrees. Here, as for 
the error of the above-mentioned include-angle thetaa, it is desirable to carry out to under the 
distance S of the hole 27 for magnetic-flux short circuit prevention and the Rota periphery. 
[0039] The above-mentioned reason is as follows. Drawing 5 is the property Fig. having shown 
the relation between the above-mentioned include-angle thetaa in drawing 1 R> 1, and the 
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cogging torque at the time of standardizing maximum as 1. At an angle of a hand of cut, the 
above-mentioned include-angle thetaa has 30 lowest degrees, and is about [ of other include 
angles ] 1/2. 

[0040] Drawing 6 is the property Fig. having shown the relation between the above-mentioned 
include-angle thetaa and the torque pulsating value when passing the current at the time of 
standardizing maximum as 1 . 30 degrees is the lowest at an angle of a hand of cut, and then 35 
degrees is low. 

[0041] Thus, at the time of 30 degrees, cogging torque and the torque pulsating value of the 
above-mentioned include-angle thetaa are low, and most excellent in the field of vibration or the 
noise. [ ** ] 

[0042] In addition, non-magnetic material may be arranged on all or a part of holes 27 for 
magnetic-flux short circuit prevention. If non-magnetic material is laid under the hole 27 for 
magnetic-flux short circuit prevention, the reinforcement of the rotor core 21 will improve. 
[0043] Since a permanent magnet vibrates inside the hole for permanent magnet laying under the 
ground neither by transportation nor operation of a motor and reinforcement also increases by 
arranging the spacer of non-magnetic material like brass or aluminum on all or a part of the 
above-mentioned holes 27 for magnetic-flux short circuit prevention, or specifically filling up 
with and hardening a nonmagnetic fluid to it, a reliable motor can be offered. With aluminum die 
casting, if aluminum is slushed into whole Rota, they can be fabricated, also being able to use an 
end plate and a rivet pin as one. 

[0044] A permanent magnet 23 may be fabricated to the space which is the hole 22 interior for 
permanent magnet laying under the ground, and was limited with non-magnetic material. That is, 
if a permanent magnet 23 like a resin magnet is fabricated to the space which is the rotor core 
21 interior and was limited with the above-mentioned non-magnetic material where heat- 
resistant non-magnetic material, such as brass, is beforehand laid under the hole 27 for 
magnetic-flux short circuit prevention, since it is reliable since the pole face of the permanent 
magnet 23 sticks to the rotor core 21, and magnetic reluctance falls and the amount of magnetic 
flux increases, a motor with high effectiveness can be offered. In this case, the above-mentioned 
non-magnetic material may be drawn out from Rota after permanent magnet shaping by forming 
a taper in the above-mentioned non-magnetic material. By doing so, the motor loss by the eddy 
current generated inside the above-mentioned non-magnetic material can be prevented. 
[0045] Now, drawing 2 is the property Fig. having shown the relation of the number of the Rota 
magnetic poles and motor loss at the time of designing the Rota outer diameter and a stator 
bore the optimal according to the number of the Rota magnetic poles, using the permanent 
magnet of the same amount as the permanent magnet 23 in the 1st example. Since the magnetic 
flux generated from per 1 of the Rota magnetic pole magnetic pole decreases and the amount of 
magnetic flux over the teeth section 1 1 of a stator 1 decreases in connection with it so that the 
number of the Rota magnetic poles is large, the amount of magnetic flux which flows in the cross 
section of the York section 12 of a stator 1 decreases. Therefore, thickness of the York section 
12 can be made small. 

[0046] Therefore, when the part and a stator outer diameter are made the same, a stator bore is 
enlarged and the Rota outer diameter can be enlarged. Since torque is proportional to the Rota 
outer diameter, the same torque can be realized by fewer ampere-turn (the number of coils of 
current x stator winding), consequently copper loss becomes small. 

[0047] That is, the number of the Rota magnetic poles follows copper loss on becoming large, 
and it becomes small. On the other hand, since iron loss becomes so large that a frequency is 
large, a phase change frequency becomes large, so that the number of the Rota magnetic poles 
is generally large, consequently iron loss becomes large. 

[0048] If the Rota outer diameter is kept constant and the amount of magnets is made the same 
when the numbers of the Rota magnetic poles are two poles, the magnetic flux generated from 
per 1 of the Rota magnetic pole magnetic pole will increase, magnetic saturation will occur in the 
teeth section 1 1 and the York section 12 of a stator 1, and iron loss will increase. 
[0049] Four poles have [ motor loss ] the number of the Rota magnetic poles smallest [ motor 
loss is the sum total of iron loss and copper loss, and ] so that clearly from drawing 2 R> 2. 
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Therefore, in the configuration shown in this example, when the numbers of the Rota magnetic 
poles are four poles, effectiveness is the highest. Moreover, if stators are 12 slots when the 
numbers of the Rota magnetic poles are four poles, since the Rota magnetic flux can be used 
effectively, a motor with high effectiveness is realizable [ a distributed winding will be given for 
each phase of a three phase coil every three pitches, and ]. 

[0050] Drawing 3 is the property Fig. having shown the relation of the ratio of the Rota outer 
diameter and motor loss over a stator outer diameter when a silicone content carries out the 
laminating of the steel plate which are about 3% and 0.35mm of board thickness about the rotor 
core 21 and forms it. 

[0051] Drawing 4 is the property Fig. having shown the ratio of the Rota outer diameter to the 
stator outer diameter when carrying out the laminating of the steel plate whose silicone content 
is 0.5mm of less than 1% of board thickness about the rotor core 21, and forming it, and the 
relation of motor loss. 

[0052] Copper loss decreases and iron loss tends to increase, so that from above-mentioned 
drawing 3 and drawing 4 and the ratio of the Rota outer diameter to a stator outer diameter 
becomes large. The ratio of the Rota outer diameter [ as opposed to- / drawings / both / a 
stator outer diameter in motor loss ] serves as min from 0.47 to 0.5. Therefore, as for a motor 
efficiency, between 0.47 to 0.5 is [ the ratio of the Rota outer diameter to a stator outer 
diameter ] the highest. 

[0053] (Example 2) Drawing 7 is the sectional view of the motor in which the 2nd example is 
shown. 

[0054] Include-angle thetai to the hole edge for magnetic-flux short circuit prevention which 
counts from the above-mentioned Rota magnetic pole, and is equivalent to a clock or a half- 
clockwise rotation at the hole edge for former magnetic-flux short circuit prevention in the i-th 
Rota magnetic pole (i is the natural number of the less than several Nm Rota magnetic pole) 
from the hole edge for magnetic-flux short circuit prevention in a certain Rota magnetic pole is 
shown by the following (2) types. 
[0055] 

thetai=360.i-/Nm+720.j/(Nt-Nm) (2) 

Here, Nm is the number of the Rota magnetic poles, and Nt is the number of teeth of a stator. i 
is the natural number of the less than several Nm Rota magnetic pole, j is the same integer 
which is less than Nm/2, when the value which broke i by the one half of the several Nm Rota 
magnetic pole, Nm/2, serves as an integer, and it does not become 0 and an integer, and the 
decimal part of the value which divided these i by Nm/2 among different i is the same. [ i.e., ] 
[0056] In the example of **** 2 of drawing 7 , it is 12 teeth, and as for the value of i and j, four 
poles and the number Nt of stator teeth will become as it is shown in (Table 1), if the several Nm 
Rota magnetic pole applies each numeric value to the above-mentioned (2) formula. 
[0057] 
[Table 1] 

i<Dm?)$2>fom: 1, 2, 3 (Nm=4*»Z>B«*) 
jCDmt)35grta : 0, 1 (OiftBNm/2 = 2*»0@iR») 



i 


i/ (Nm/2) 


j 


1 


0.5 


1 


2 


1 


0 


3 


1.5 


1 



[0058] The include angle theta 1 from the edge of hole 37a for magnetic-flux short circuit 
prevention to the edge of hole 37b for magnetic-flux short circuit prevention will turn into 105 
degrees, if i= 1 and j= 1 are substituted for the above-mentioned (2) formula and are calculated. 
[0059] Moreover, the include angle theta 2 from the edge of hole 37a for magnetic-flux short 
circuit prevention to the edge of hole 37c for magnetic-flux short circuit prevention will turn into 
180 degrees, if i= 2 and j= 0 are substituted for a ** (2) type and are calculated. 
[0060] Furthermore, the include angle theta 3 from the edge of hole 37a for magnetic-flux short 
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circuit prevention to the edge of 37d of holes for magnetic-flux short circuit prevention will turn 
into 285 degrees, if i= 3 and j= 1 are substituted for a ** (2) type and are calculated. 
[0061] By the above-mentioned configuration, since those with two kind and its relation are 
point symmetry to the Rota core, the magnetic physical relationship of the magnetic pole of Rota 
and the teeth of a stator can make a radial suction force homogeneity. 

[0062] That is, by the above-mentioned configuration, when the numbers of magnetic poles of 
Rota are four poles, there will be two kinds of magnetic physical relationship of the magnetic 
pole of Rota and the teeth of a stator. Furthermore, although the physical relationship with the 
Rota magnetic pole between the teeth shifted 90 abbreviation differs, the physical relationship 
with the Rota magnetic pole between the teeth shifted 180 abbreviation is equal. Therefore, 
since the force committed to radial is negated, and suits between [ shifted 180 abbreviation ] 
teeth and it can make a radial suction force homogeneity, it can reduce cogging torque and can 
offer a motor with small vibration and noise. 

[0063] Generally as for cogging torque, only the least common multiple Nc of the number Nt of 
teeth of the several Nm magnetic pole of Rota and a stator per Rota 1 rotation is changed. That 
is, whenever (360/Nc) has one fluctuation. Therefore, when the number Nt of teeth of a stator is 
3Nm, it becomes whenever (120-/Nm) with one fluctuation. However, by making physical 
relationship at the tip of the hole for magnetic-flux short circuit prevention, and the tip of teeth 
of a stator into two kinds like the example of **** 2, it becomes one fluctuation whenever (60- 
/Nm), and fluctuation of cogging torque can be made into 6Nm time per rotation. 
[0064] The hole for magnetic-flux short circuit prevention which touches the hole for permanent 
magnet laying under the ground and permanent magnet edge in a certain Rota magnetic pole in 
drawing 5 , The inside of the hole for magnetic-flux short circuit prevention in the Rota magnetic 
pole which adjoins the Rota magnetic pole, Include-angle thetaa of the rotor core part close to 
the Rota periphery including the hole for magnetic-flux short circuit prevention of the side near 
the former hole for magnetic-flux short circuit prevention it is like the 1 st example shown in 
drawing 1 at least 30 degrees at an angle of the same hand of cut — etc. — cogging torque has 
a low direction in the case of an irregular pitch like the example of **** 2 shown in drawing 7 , 
and the wave-like period also becomes twice from the case of a pitch. That is, to changing the 
cogging torque of the 1st example 12 times per rotation, it will change 24 times, cogging torque 
is graduated, and it of the example of **** 2 becomes low. 

[0065] the above-mentioned include-angle thetaa is moreover, like [ at an angle of the same 
hand of cut ] the 1st example shown in drawin g 1 at least 30 degrees in drawin g 6 — etc. — 
torque pulsation also has a direction lower than the case of a pitch in the case of an irregular 
pitch like the example of **** 2 shown in drawing 7 . 

[0066] Therefore, cogging torque and the torque pulsating value of the motor in the example of 

**** 2 are low, and excel the 1st example in the field of vibration or the noise. 

[0067] (Example 3) Drawing 8 is the sectional view of the motor in which the 3rd example is 

shown. 

[0068] The hole 42 for permanent magnet laying under the ground of the rotor core 41 is the 
radii configuration of concave, and is laying the tabular permanent magnet 43 under the hole 42 
at the Rota periphery side. 

[0069] By the above-mentioned configuration, it can take more greatly than the 1st example 
which shows the surface area of a permanent magnet 43 to drawing 1 </A>, and big torque can 
be acquired . At this time, it becomes [ the surface area of a permanent magnet 43 ] that the 
radius of a permanent magnet 43 is below equivalent compared with the Rota radius more than 
with the surface area for one pole in Rota and is suitable. When the holding power of the 
permanent magnet 43 to be used is comparatively low, the amount of magnetic flux needed b y 
this configuration can be secured, and it is effective. 

[0070] (Example 4) Drawing 9 is the sectional view of the motor in which the 4th example is 
shown. 

[0071] Two or more holes for permanent magnet laying under the ground are prepared in the 
shape of V character to the Rota periphery side, and two or more permanent magnets are laid 
under the above-mentioned hole for permanent magnet laying under the ground. 



JP-A-H1 1-98731 



Page 12 



[0072] Specifically, two sheets, per [ of the hole 52 ] piece and the plate-like permanent 
magnets 53a and 53b f are laid under the hole 52 for permanent magnet laying under the ground 
of the rotor core 51. Since the permanent magnets 53a and 53b are plate-like, magnetic 
manufacture is easy and cheap. Moreover, since the permanent magnets 53a and 53b are plate- 
like, good dimensional accuracy can be secured, and the clearance between they and the hole 52 
for permanent magnet laying under the ground is made small. Therefore, since magnetic 
reluctance between permanent magnets 53a and 53b and the rotor core 51 can be made small, a 
motor with high effectiveness can be offered. Moreover, like the 3rd example which shows the 
surface area of permanent magnets 53a and 53b to drawing 8 , it can take more greatly than the 
1st example shown in drawing 1 , and big torque can be acquired. 

[0073] (Example 5) Drawing 10 is the sectional view of the motor in which the 5th example is 
shown. 

[0074] Rota 6 lays a permanent magnet 63 under the hole 62 for circular permanent magnet 
laying under the ground of concave to the Rota periphery side, and forms the separate Rota 
magnetic pole on the inside and the outside of radii of the above-mentioned permanent magnet 
63. In order to form the Rota magnetic pole of another side by the inside of the radii of the 
above-mentioned permanent magnet 63 on one Rota magnetic pole and the outside of radii, it 
becomes advantageous, when the number of a permanent magnet is good in the one half of the 
number of the Rota magnetic poles and uses an expensive rare earth magnet for the above- 
mentioned permanent magnet 63 especially. 

[0075] moreover, the time of the number of the holes 62 for permanent magnet laying under the 
ground being Nm of one half which is several Nm Rota magnetic pole/2, and setting the radius of 
the rotor core 61 to r in this case, — thickness b of the edge of a permanent magnet 63 — pir / 
(3Nm) following — then, it is good. 

[0076] The periphery of the rotor core 61 is approached, it has the hole 67 for magnetic-flux 
short circuit prevention so that the edge of the permanent magnet 63 laid under the hole 62 for 
permanent magnet laying under the ground and it may be touched, and include-angle thetaa of 
the part close to the Rota periphery of the laying-under-the-ground hole 62 for permanent 
magnets containing the hole 67 for magnetic-flux short circuit prevention makes it the include 
angle of a hand of cut, and it is 30 degrees. 

[0077] The above-mentioned include-angle thetaa in this case is an example in case there is no 
hole for magnetic-flux short circuit prevention of the side near the former hole for magnetic-flux 
short circuit prevention among the hole 67 for magnetic-flux short circuit prevention adjacent to 
the hole 62 for permanent magnet laying under the ground and permanent magnet 63 edge in a 
certain Rota magnetic pole and the hole for magnetic-flux short circuit prevention in the Rota 
magnetic pole which adjoins that Rota magnetic pole, and also when above, it shall be contained 
in include-angle thetaa of this invention. 

[0078] About an operation of the hole 67 for magnetic-flux short circuit prevention, since it is 
the same as that of the 1st example, it omits. 

[0079] In addition, in drawing 10 , although the hole 67 for magnetic-flux short circuit prevention 
is installed in each one side of permanent magnet 63 both ends, as shown in drawing 1 1 , it may 
install the holes 68 and 69 for magnetic-flux short circuit prevention in both sides from 
permanent magnet 63 both ends. In this case, compared with the thing of drawing 10 , the flow of 
magnetic flux becomes homogeneity and is desirable. 

[0080] (Example 6) Drawing 12 is the sectional view of the motor in which the 6th example is 
shown. 

[0081] A stator 80 consists of the York section 82 which connects the root of 12 teeth 81 and 
teeth 81, it is an approximate circle annulus-like and the coil 84 by the concentrated winding is 
given to 12 slots 83 formed between the teeth 81 at the teeth 81. Rota 8 has the shape of a 
cylindrical shape of a stator 80 and the abbreviation same axle, counters stator inner skin, has 
eight Rota magnetic poles, and it is supported by bearing (not shown) so that rotation may 
become free centering on a shaft 94. The tabular permanent magnet 93 is laid under the eight 
holes 92 for permanent magnet laying under the ground through which Rota 8 is established in 
the hand of cut of the rotor core 91 at abbreviation regular intervals, and it pierces to shaft 
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orientations. Moreover, an end plate (not shown) is arranged on the both ends of the shaft 
orientations of the rotor core 91, and the above-mentioned permanent magnet 93 is fixed to the 
above-mentioned rotor core 91 by letting the rivet pin 96 pass to a through hole 95. Rota 8 is 
rotated when the Rota magnetic pole draws in or opposes the rotating magnetic field formed of 
the current which flows to stator winding 84. The hole 97 for magnetic-flux short circuit 
prevention which approaches the Rota periphery, has the hole 97 for magnetic-flux short circuit 
prevention to the longitudinal direction both ends of the permanent magnet laying-under-the- 
ground hole 92, and touches them at the hole 92 for permanent magnet laying under the ground 
and permanent magnet 93 edge in a certain Rota magnetic pole, Include-angle thetaa of the 
rotor core part close to the Rota periphery including the hole 97 for magnetic-flux short circuit 
prevention of the side near the former hole 97 for magnetic-flux short circuit prevention among 
the holes 97 for magnetic-flux short circuit prevention in the Rota magnetic pole which adjoins 
the Rota magnetic pole is 15 abbreviation 120-/Nm, i.e., abbreviation. 
[0082] Give 1 , 2 Nm and a number, count from the Rota magnetic pole of the above- 
mentioned criteria, and it sets to the i-th Rota magnetic pole, the Rota magnetic pole which 
adjoins a clock or a half-clockwise rotation on the basis of a certain Rota magnetic pole — 
continuing — i= — When it of deltaiL and the Rota magnetic pole right end section is set to 
deltaiR for the include angle which the width of face of the part close to the rotor core periphery 
of the hole for magnetic-flux short circuit prevention of the Rota magnetic pole left end section 
makes to a rotor core core, the deltaiL and deltaiR are shown by the following (3) types. 
[0083] 

deltaiL, R=delta 0L, R+-/Nm2 (3) 

Here, Nm is the number of the Rota magnetic poles, n is fixed as 1 or more, Nm / two or less 
integer, and j shall take independently the integers from 0 to (Nm / 2n)-1 by a unit of n times in 
the Rota magnetic pole left end section and the right end section, respectively, when the number 
is the case where the number of i is even, and odd. 

[0084] Moreover, deltaOL and R are larger than 0, are smaller than the degree of 60/Nm, and are 

as the following (4) types. 

[0085] 

deltaOL, R=120.n/Nm2 (4) 

When referred to as n= 1 and Nm=8 here, only one kind in the value which j can take is taken for 
an example, and the value of deltaiL is shown in (Table 2). 
[0086] 
[Table 2] 

i<DWL>)$Zm : 1, 2, 3, 4, 5, 6, 7, 8 



i 


j 


<5 1L m 


1 


0 


1.8 7 5 


2 


1 


5.625 


3 


1 


5.625 


4 


3 


13.125 


5 


3 


13.125 


6 


2 


9.375 


7 


2 


9.375 


8 


0 


1.875 



[0087] In order to double the adjoining hole for magnetic-flux short circuit prevention and to 
consider as abbreviation 120/Nm=15 degree width of face, the value of deltaiR is determined as 
shown to an automatic target in (Table 3). 
[0088] 
[Table 3] 
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1 


i 


<5 1R («) 


1 


2 


9.375 


2 


2 


9.3 75 


3 


0 


1.875 


4 


0 


1.8 7 5 


! 5 


1 


5.625 


6 


1 


5.625 


7 


3 


13.125 


8 


3 


13.125 



[0089] Although calculated value was shown by reaching the above (Table 2) (Table 3), drawing 
12 showed the value which rounded off the second less than place of decimal point on account 
of the precision of an include angle. 

[0090] When the number of teeth of a stator is Nm (3/2), the physical relationship at the 
magnetic pole of Rota and the tip of the teeth of a stator differs the degree (120-/Nm) by the 
odd-numbered Rota magnetic pole and the even-numbered Rota magnetic pole, and cogging 
torque carries out 3Nm time fluctuation per Rota 1 rotation. Furthermore, since cogging torque 
will be changed per [ Nm / two ] Rota 1 rotation (3/2), and can make the fluctuation period of 
cogging torque small, therefore the value of cogging torque can be made small by making the 
include angle of the hole for magnetic-flux short circuit prevention of the odd-numbered Rota 
magnetic pole and each even-numbered Rota magnetic pole into Nm / two kinds by the upper 
type, a motor with small vibration and noise can be offered. 

[0091] In addition, with the dimension and process tolerance of the rotor core 91, although it is 
good also as n> 1 as shown in drawing 13 when processing is difficult, compared with the motor 
shown in drawin g 12 , the effectiveness of vibration or a noise reduction becomes small. When 
referred to as n= 2, only one kind in the value which j can take is taken for an example, and the 
value of deltaiL and deltaiR is shown in (Table 4). 



;0092] 
iTable 4] 


i 


j 


<5 lL (&) 


j 


<5 iR («) 


1 


1 


11.25 


1 


11.25 


2 


0 


3.7 5 


1 


11.25 


3 


0 


3.7 5 


0 


3.7 5 


4 


1 


11.25 


0 


3.7 5 


5 


1 


11.25 


1 


11.25 


6 


0 


3.7 5 


1 


11.25 


7 


0 


3.7 5 


0 


3.7 5 


8 


1 


11.25 


0 


3.7 5 



[0093] Above, (Table 4), although calculated value was shown, drawing 1313 showed the value 
which rounded off the second less than place of decimal point on account of the precision of an 
include angle. 

[0094] Drawing 14 is the property Fig. having shown the torque at the time of the same input of 
a motor without the hole for magnetic-flux short circuit prevention, the motor of drawing 12 , 
and the motor of drawing 13 , the torque pulsation at the time of energization, and the cogging 
torque at the time of no energizing. Each value standardized the motor without the hole for 
magnetic-flux short circuit prevention as 1 . Cogging torque was able to be reduced for torque 
pulsation 70 to 80% 20 to 30%, without dropping torque on the motor it was indicated to this 
example that was clear from drawing 1414 . Moreover, vibrationproofing and noise insulation can 
be made easy by raising the frequency of exciting force. 

[0095] About 5% of error within the limits is permitted for the include angle specified by the 
above-mentioned explanation on a property. 

[0096] Moreover, in this invention, it cannot be overemphasized that that the permanent magnet 
laid under Rota inserts a solid magnet in the hole for permanent magnet laying under the ground 
may, of course, form a shaping magnet like for example, a resin magnet in the hole for permanent 
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magnet laying under the ground with shaping. 

[0097] This invention may be carried out, although it relates with the above-mentioned various 
examples and is explained, in addition even if it changes variously. 

[0098] The example used for this specification or the drawing does not limit this invention only 

to it. Moreover, the detail of this example does not limit the range of a claim, either. 

[0099] 

[Effect of the Invention] When the short circuit of the magnetic flux of permanent magnet both 
ends is prevented and the magnetic flux of a permanent magnet works effective in torque 
generating over a stator, while making effectiveness high according to invention according to 
claim 1 , cogging torque is low and offers a permanent magnet motor with little vibration and 
noise. 

[0100] The magnetic flux of a permanent magnet edge contributes invention according to claim 4 
to torque generating effectively over a stator 1 certainly, without connecting too hastily at the 
both ends. 

[0101] According to invention according to claim 6, a permanent magnet is cheap, since 
dimensional accuracy is good, the clearance between a rotor core and a permanent magnet can 
be, made small, and a permanent magnet motor with high effectiveness is offered. 
[0102] When the number of permanent magnets can be lessened, the short circuit of the 
magnetic flux of permanent magnet both ends is prevented and the magnetic flux of a permanent 
magnet works effective in torque generating over a stator, while making effectiveness high 
according to invention according to claim 7, cogging torque is low and offers a permanent magnet 
motor with little vibration and noise. 

[0103] According to invention according to claim 8, since coercive force of a rare earth magnet 
is high, it can make the thickness small and can attain miniaturization of a permanent magnet, 
and efficient-ization. 

[0104] According to invention according to claim 9, without a permanent magnet vibrating inside 
the hole for permanent magnet laying under the ground of a rotor core, the Rota reinforcement 
will be increased and a reliable permanent magnet motor is offered. 

[0105] According to invention according to claim 10, since the pole face and the rotor core of a 
permanent magnet stick, magnetic reluctance offers a permanent magnet motor with high 
effectiveness small therefore. 

[0106] According to invention according to claim 11, the permanent magnet motor with high 

effectiveness which was able to balance iron loss and copper loss is offered. 

[0107] According to invention according to claim 12, the permanent magnet motor with high 

effectiveness which was able to balance iron loss and copper loss is offered. 

[0108] According to invention according to claim 13, since a radial suction force can be made 

into homogeneity, cogging torque can be reduced and a motor with small vibration and noise can 

be offered. 

[0109] According to invention according to claim 19, cogging torque can be reduced and a 
permanent magnet motor with little vibration and noise is offered. 

[01 10] According to invention according to claim 20, cogging torque can be reduced and a 
permanent magnet motor with little vibration and noise is offered. 

[01 1 1] According to invention according to claim 21, effectiveness is high and a permanent 
magnet motor with little vibration and noise is offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the motor in which the 1st example of this invention is shown 
[ Drawin g 2] The property Fig. showing the relation of the number of the Rota magnetic poles and 
motor loss at the time of designing the Rota outer diameter and a stator bore the optimal 
according to the number of the Rota magnetic poles using the same quantity of a permanent 
magnet 

[Drawing 3] The property Fig. showing the relation of the ratio of the Rota outer diameter and 
motor loss over the stator outer diameter at the time of using a steel plate with a large silicone 
content for a rotor core 

[Drawing 4] The property Fig. showing the relation of the ratio of the Rota outer diameter and 
motor loss over the stator outer diameter at the time of using a steel plate with a small silicone 
content for a rotor core 

[Drawing 5] The property Fig. showing the relation of the include-angle thetaa and cogging 
torque in a rotor core 

[Drawing 6] The property Fig. showing the relation of the include-angle thetaa and the torque 
pulsating value in a rotor core 

[Drawing 7] The sectional view of the motor in which the 2nd example of this invention is shown 
[Drawing 8] The sectional view of the motor in which the 3rd example of this invention is shown 
[Drawing 9] The sectional view of the motor in which the 4th example of this invention is shown 
[Drawing 10] The sectional view of the motor in which the 5th example of this invention is shown 

[Drawing 1 1] The sectional view of other motors in the 5th example of this invention 

[Drawing 12] The sectional view of the motor in which the 6th example of this invention is shown 

[Drawing 13] The sectional view of other motors in the 6th example of this invention 

[Drawing 14] The property Fig. showing the relation between a motor specification, and torque, a 

torque pulsating value and cogging torque 

[Drawing 15] The sectional view of the conventional motor 

[Description of Notations] 

1 Stator 

2 Rota 

1 1 Teeth 

21 Rotor Core 

22 Permanent Magnet Embedded **** 

23 Permanent Magnet 

27 Hole for Permanent Magnet Short Circuit Prevention 
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(57) [gft] 

n - **jgtcifc3 tifcWO £©lffl «:»»*©« 
0. *©*^»5PfiB«©^©®l**l*«f. 7**JKE 



Z—a-9 

21 - -Q-5T37 
27--*5««BitH?S 




1 

[#I*IM?©S5B3 

ais^fe J; cf * n tc aia s n * jk&ffiGvim ticm 

ai&ffl^fc J: Cf -ttitcSH: 3 ft **AJB5®Wff i Jc« 

* **tr s wnmmvxo?. - z t £ * *- * . 
[ wm 3 j ®Mmmjj±mftffiz p - * a 7^a 
<fc ^ fWckw . fWfasemss&WihjBTtsB t mrsa p - * 

A fciiwas l IB$R© p - $ . 
[ IHttH 4 ] B8« JS#MW±ffl5T:aJ© a - * a 7 ft JS (C 

#p - £ 3 T(fM>tc*t ffift a J: 0 *>/J>3 t»i»Jj8B 
HBiS©P-jr. 

p- *£*©p- jrtc*Jift-r.S;*f-- ft(Dx7=ft v 
:/© 2 {g«±©:S3 tL/cO-S £flH»/cIf»5j8B 1 £ fc 

» 2 ibis©* -jr. 

[M*^ 6 ] Mww«f* sfi*n i taw© 
p- jr. 

©p - $ mmtcmfe-r z> p - $ mmc * fiamjs&K 

^Mea*s, O-filMNmilfctt, BS 1 2 
O/NmgteEgSn/cn-^fflt^/efliJR^ 1 IBiS© 
a— jr. 

[M*JI 8 ] 7lc^»53W*±«iBP5'C* ZU-f*m 
l>/c§»Jfc3UfBiB©P-#. 

[f##JS9 3 i^S@^±ffl/^SP©^SP*/c«-g|5tC 
^KBttt#*S0fc»#3H 1 IBiS©P- 

Cif^ 1 0 ] ^WEWRm7&imvfr'yftim# 
ic J: 0 PS5£ 3 ft /c^flij {c*X»5*JiB^ l> 9 IB 
i£©P-jr. 

m^tcn^m 1 ehob-j, 

ftS©!*** 0 . 4 7 ti_h. 0. 5 OT"CS> & 2 IB 

tit©*-*. 

[tit#JS 1 3 3 *Sa-*»S(c*>W4SBSRJS»l»± 
B#lt*tS)tC i SB ( i teP-jr®©SWm *«©§&$ 

{ctas-r*sBjR3s»i»±ffl7«aaiJ*-coftie0 i **. * 



(2) WH¥ 1 1 -9 8 7 3 1 

2 

f-*Of-<-^»*Nt, j fJIBi £P- jrfiSBS 
ftN m©¥#©N m / 2 fcffl*ifig» i ft & B#tc » 

o. aa»4a€»ai>«»c«. a&& i isi±p^-c*ne i 
^HirfBN m/2 -en o fcffi©/b*fes^*i|«i— 

(C-€-©N m/2 *«-C*^|i)-©^<!: L//cB#«: 

0 i = 3 6 0 • i/Nm+720-j/(Nt-Nm) 

t?*4i««?|2 IBSS©*~ 

[»J#H14] *f--jrfM-Xg$(#3Nm-C&£g|| 
5}<J12^/c{il 3 IBIS©*— ^. 
10 [ItSpl 1 5 ] SftSli^WlhJBftapoa - * 3 TftJSI 
iCifi^-T SSfcfr©^ P - jr a r ^C^C>ft t, TCP S ft K 
*«. 2fflOJjUi©fiB*WrS«l*«l - 2S/c«131B 
IS©*:-*. 

[HWBH16 3 P-j*WS»C,tfL,TIH©R5ffitfo1<X 
JJU IBIS©P- 

[ mm i 7 3 m&L^xmEmscm-K^n - 

©*^«5%aaarr * c 4 o §p - jrsae^ffjREt/ 
20 /ci»^iiiiaig©p-j?. 

[W*3118 3 P- jrftiSlffl'|{C>[tL'-Cia©R?fi<fckX 

©rtfflij <t su ^r © p - jr mm &Bf% l temxm 1 IB 

*g©P- jr. 

[1**11193 0b2>v--f®MzmmtisX:&fH£tc 

tt^tf-^iojccBHg-rsp- zmmicmiL-c i = i . 

2. • • NmitfSotf, fjIBS«i©D"*®!© 
i f@©D- jreSffitCfcl^r. €-©P-jrfiS 
^«^SBaaS»l»JiJB^W©P •- ir a TftHCC$fi« 
30 "T h m5KDW& P - j» a T «£' WCTft t -eft Z> ft 

5 1t . P-*&ffi£888B©-ett4$,»4 0/cl$< n«. 
1«±. Nm/2«TOE»«!:L-CH3EO. 5 tl ..«. 
0cfc<3*#<. 60/NmS<J:t)^3<. j I*. MIB i 
#«&©«•& <b3f»©*t^ P- jrm&E^gPi 

^JaSPr-e-tl-etittfiUr. 0*^6 (Nm/2n) -1 

<J lt .»= J.l.,, 2 4 0 • n • j /Nm' 
-C&Zmimi 21318©*- jr. 

[IS*^2 0 3 J„.,= 120 •n/Nm"C*l>« 
40 *JI1 9IB*!5©*- jr. 

[IS*J12 13 n = 1 -ClbZ>m?m 1 9IB«£©*~ 
jr. 

[8H*S2 2 3 X^-jrf (3/2) Nm 

SIS*^ 2 IBtg©*- jr. 
C^©i¥*ffl^l^BJ3 
[0 00 1 3 

[f&E©jR-f sssfcfrfflr 3 ^si«s-?>sas 

-5. #tc. P-*3Trt8BtC7l<Afi55*a*ji*v 
50 h;U 9<Dfr1Z jr>X h ;U j7 % ^fij 



(3) 



ftfflW- 1 1 -98 7 3 1 



[0 00 2] 

3 1 8 2 3#^fR(C^^3n-CI,^<fc ^JC. Q-*37 

^*iei-rs*-**i»je.nr(,>€)„ si 5«. e£fc© 

^(©fw-xi l i-e-co^-f 1 1 ©«7C&-?& <• a 
-£>SB1 2 ttUb*:*), RR9fflHftfc(/rt»&. *©« io 
-X 1 ira^C^/iK3n2>«S5!©^c3 9 H3(C 

a. p-^7«, p-?377 i oymwifaimzffflm 

T = Pn { </> a • I • cos/3 + 0. 

r^stis. ±ia (i ) sctcfci^r. 

CCfLd<Lq©M^£i^/c-rB#tC. matjlftflJH* 
tT&3C<h«:J;9/3>0<!:&'P V^SOX hJUi?*^ 

IS)— sfig(c*jt>-r. i> h Vhwfrointit^, 

[0 00 5] 

^££©Rg&c^^©il5l,^tS^#&Sfc2i?7. Tk'XfiBC 
«^U©fi5m* s . l iciSo-c h^^SS^cW^tc 

[0 00 6] *«Wtt. ±l2^gi?:^1-S^fe©*>© 

^s«-r-s4>©-c$>s„ 40 

[0 00 7] 

[g&s*j)?&-rsfc&©^&] ±iaaRH*i»ife-r*fc«> 

*^HJ©*-^ii. P-^nric. p-£3T©W§|k: 
SB5©iiSSB ticm-ThJ:'!) (c»*JS»|»jl:ffl^4 fl&* . 

±8B*^»5aaaffl^(c±ia*x«5*«» l/c p - * 

o=j+'>^hJl'^*5(g< . JSifr^iS*©^^*-** 50 



*©B-f377 l ©«^|S]©M^gi5iCJStg (H/jre?) 
£IEU «il^2 5CC'J^y h f>2 6*m-?C£K.£ 
QfoXM^l 3£P-*a77 l (cHJEbTHS. P- 

P-*&®©^@tt£-CW9;K#7 7£W 
L . *4JfcE7 3 ©***ffiW«B-t©lW «3 7 7 K 

[0 00 3 ] ±iB«RR{c*ji»r. a-$MHM«:HSE-ra 
d«75|S|©-{>^^>XLdi. P-^iSS©^^ 
R< q#^©-f>f ^^>^Lqi©P E giC, L d < L 

[ 0 0 0 4 ] — mc*:--*t<D V A? 9 TVS.. P-£©@*f 
MPn. ^fiam*«/>a, * ^- I JB<fc 

5 (Lq -Ld) I 1 • s i n 2/3} 
( 1 ) 

[0 00 8 ] Sfc. P-$3T(C. 

ntciag9:3*T.S7ltXfiS5©iSa5<!:{cS-r*<fc MtS83i,S 

s^a^i/fcp-^i, ^©■^-t-x^w-rsBSRiR 

fi8eP«SSI5T?©6S^©5@*S*B5±l/. 7kXfig5©fflg|5© 
[0 0 0 9 ] $/tSf$ b< «. P *^P- 

*6affi©7k^5as9rffl/T:teJ:a t -en{caig:3ns7itA 
ffl^i*$«jp-*^{cja«ufcp-^praj^©ft 

g0a4, P-^lSa^Nmil/fcJS^, BS12 0/ 
*-6W^0t?!5:<. a*">^h;Vi', H^i'Mtt^S 

[0010] 

[^©H*fi©7^SS] *BS^©/k^S85P-*«. P 



5 

toon] zhic ®mmmtt±mftw zu-z^r 
if H ccifigT £ p - # 3 r 4>'i>«:*t b r ft £ 

[ 0 0 1 3 ] 3 6CC, W®»l»jhffl5t»(D*a^(D 
lp§», P~*<t*<DP-#K»ftT4*^~#£®J.7 

[0014] £e>fc:, MBWW-e&otfc^ 

Efritffl/t <t **tf p - * WBOcifijST & p - * a Tgp^ 
OftWa# t P-^SSt^NmiUc^ Dg 1 2 0 
/NmttCCB«3tifcP-#r*ot:*>J:t». 
[0 0 15] $6tc, *XWE*s»±SIW5 , C**P- 

**ffli»r*>«fei>. 3 6&c, «BEmsB»i!S±ffl7 ! v:»(o^aB 

[00 17] P-^BS»Nni^4t*5P- 30 

P-irarjWKDJtWO. 4 7«±, 0. 5felTTAo 

[0 0 18] 3 6&C, *4P-*B»0CfeW5ttKJS#& 
BMJB^«ia»>6. «rffiP-*»S*>6»*r«FW-*fc 
tt*«W-*lS»C i mm ( i ttP-*ffi«»Nm*«©S 

MR) ©p-dr««fic*5ws, «r#fiB»ja»iw±ffl^» 

-XiJ£N t % j WiB i £ P - £ S8 
«NmO*»ONm/2 t«ofc«JWRtS:S«F«c 40 
ttO, ffl»ia6ai*WF«c«, iEI±Bir*ti6 
i **IBNm/2r*r>fciB©/J^aJ»3Wra— "C*S*1 

0i=36O« i/Nm+720 • j/(Nt -Nm) 

x$>^xh^> 0 

[0 0 1 9 ] 3 6CC, Xf-^f*^^W3Nmt* 

*ws tciait £ gp^cD*!^ p - * a r *4>cc» o xit z> 
[0020] 36^c, p-^^fiSffl^c^tL-rca^TOiRtt so 
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[0 02 1 ] 3 6K, tW»0*^«5a89:^«:P-* 

[0 0 2 2 ] 36tc, u~ZftmmicttLXW<DFiWVi 

[0 0 2 3 ] SfcCC. *^>P-^SS@^S«<bUT^it 
*yt«^S1-]IJlftk:W*rSP-*«aSCcattL-Ci = 
K 2, • • •> NmiS^l BSlgCD p - * 
fiBEffi^6»^LT i #B<DP-*»ffiCC*5l»-r % ^-CDP- 
^«fi^^SPCDffiBEm^*SES±ffl/tSB<DP-- # 
ifijg "T & gP^CDipi^ P - % P T ft L X it Z> ft ffi * 
S, L , P-^effi*ffigRcD^n^:5 1R <bL/c^, ntt, 
lfcLL Nm/2JWT©iB&&LTBJ£U ^L,«lt 
0J:0*£<, 6 0/NmS<fc0^S < , jte, ffiTSB i 
#«»©»^£^<D*§^ *fc* P-^jKffiEiSffiBi 

^spr^n^nanor, o*>>6 (Nm/2n) -1 

S 0L .* + 240 • n • j/Nm'r^^tfc^C^ 36 
CC, S 0L . R = 120- n/Nra J -C^otiJ:^ 0 £ 

tt*s (3/2) Nmt^ota^ 
[0 0 24] 

[sijswj &cf^m<Dmmm^^x . 

[0025] c $mm i ) s i«^ i (ommm^m-t^ 

1 <t^ft6©fw-X 1 1 ©«7c€rOttC3-^aBl 2 
1 iratCff5^3n^>l 2<!<D*P^ h 1 3tCWHffl#*8 
[0 02 6] P-^2«, ^t"-^ 1 iBg|5]|4(DB§Rg5 

xf— d?rtaffitc*rrfiJor4fflcDP-^8a 

W2 4**^CCLT@Rt«E<!:ttS«fc5«:Wi 

o-^372 lODIei^^l^BS^PaPSicSW^n, ^ 
W*l«itcS< 4ffl©7)cX»5fflt9:ffl/^2 2Cc, ffi.VXDjk 
x»52 3*ataurc»4. *fc, w-^pt2i 

©***fSKDW4(HBCC»« (H5H*r) *1BL, Sil7\2 
5«cy^<9 hfcf>2 6*ji-rc<bCC0:0±i27jc^8S52 
3*±8BP-^PT 2 HcH5ELr(r*4 0 P-^2«, 

6@Ik9&WCcJ; 0, *©P-*»«*J^^-* 1 
-XI l«c»Lr*9l*fcl«R»-r*C4K:j:0HI6l/ 

[0 0 2 7] CCtO-^2tt, ±IBP-^PT 2 1 <D 



ftfflic&mux, fkxmGm®m-K2 zts^v^nicm. 

IS 3 ft £ * Afi55 2 3 ©SSHB 4 S-T £ «fc 0 {CH^tSIS 
E7j±ffl^ 2 7 JdK**JfcESSflI*: 2 2 &C_h§B 

[0 02 8 ] C©J:9a«J«CC-J-4C4«:j:»). 
52 3©$8Rj&>6f6£-rSfiB?Rtt. flBSJWS«H»±flB^ 2 

<> *7--*i«:«D. h;i/^^{cw^{c»<. eft 
[0 02 9] a a:o - * 2 b. mmmmikm-A^ 1 

*n-$37Wi OrtffJKKW. JJBttJtOfiNHKih 

05, P-{i37 2 l Zfcl&tZ>m i ®Mft*ffi%.X^Z>. 
[0 03 0] CCT, SgmM*SP^lhffl^gP2 7id-$ 

«KflBa»6tS*S(.>«£<fcC». ffl*. ±£H!fKS tt 
0-$2tXf--$ l ©?■ A -X 1 1 iOSlClTft 
w^&FMWarFr. *»-3n-*3T2 l*»tfW*SWI 
««©itSt<OSW©0. 8|g«±tCtStJ:l,»„ 
[0 03 1 ] Sfc. tt£!H@HH»±ffi^:«P2 7©¥S^(S] 
©fliatt, P-*2 <t-€-©a-4» 2(cStl6j-T-5X-?— 5? 
lOf^-Xl 1 <h©HI©J.T¥f "^(CtlyT^ 
#jErffi&B?£©#3$ b < . jIS«±sBxT*> ? t"© 
2fgJW±(c-TftWJ:U. 

[0 03 2] * fc. ffiK9S»KF±ffl^ffi2 7 ©P - * 3 

SftgB. >k£JB52 3©P-5f3T^ffl'J«:ffl-rSg 
^[6]©ifi*sp -f3 T*'^{C*f L-rfPS^gcfc 0 

[0 03 3] Ttttofc. fi5«3®i»R»jhffl7 ! v:8P2 7©P- 

©M*ixf-f i {c«**©ffl*©i»ft£tttfat>e 
3 «gp©em^ . * ©>fcw»5 2 3 mm>mw-cim* 

[0 034] */c, *^»5*Kffl^2 2 {CHRSft* 
2 3 BflSttTft 0 . *<E*jfi**ga-C£ffi-r 
*fc*©*X»52 3#¥^tN&5fc«>, &0 

ttmn&>s:m{%-e ?o-*372i ©TkXf&saisffl 

7C2 2t*ClcMm$tiZMf\mE2 3±<Dffl8llfi'h2 
<-C*. *&8Bffi2 3 4tf-*PT2 l|B!©^aaK* 
/jN3<}Ip^SC<!:*i-C#^,©-C, ^m<DH6^- ■Ham 

[0 03 5] S/c. 7^885318^2 2 fca§S:;*ft£ 

«vj^t**Hft*. fttKc6«. h— a^jswra*- 

£^7*cig£CClt^jfiffiK#;*;£0>©r. 



(5) #g8¥ 1 1 -98 73 1 
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fflf i5]^©5g!)^^ii-c#s*^r*^ 0 sfcfc, #±ffl 

£. -ec-C, *^©fil)jX©J;'5^I6S^35atS|!S±ffl? ! v:2 
7 «c J: *) c 4aO«Sdb-c««!n5i:*S4 «r 

[0 03 6] ±l2»fiSfC«fcr). fiE*Wc*»W 
10 /£. 

[0 03 7] ifcP-f2B, *:Wa5aS:ffi7t2 2© 

* r 4 L-fcB#, 7 1cX»5 2 3 ©ffig)5©Jl^ b *J tc r / 
(3Nm) *»4-rft«J:t». *W 1 0**S«t?ti*^ 
®5at9!/l/^2 2©a«4-C*0. P-£Sa®&44I3J 
&r*9. 0-937 2 1Ofg?:ril/fci, TfcXBS 
52 3488B©JfUi>b«7t r/1 2*»£-Tfttf <fct>. 
[0 038] ifea-*2B. *SP-f fi5SCC*iW& 
7k5MK5SI9ffl^ 2 2 te <fc CfckAJttS 2 3 *rocc&r & 

20 «ji!>i«H»jhffl^:2 7 4. «©p-^a8»cKS-r5P 

-*88S«:*»W*SB«!J®»IW±ffl?t2 7©rt. t5#©B8 
«JS»»±ffl^2 7 0C^>M©8B^I&l*±/fl;*:2 7 4 
ftdtna-*^HKjfi«r*o-*araB»OflS0 a 
*i. «&1 2 0/Nm£CCES3ftT(,»S. 
l©SU60«rtt. P-^aSaNm*5 4^©-C±IBftS 
0 a«lsI3E#|6j©8KK:i,-C3 O&CCtteJ: 55CES3 
ftrt>S„ CCT, ±iaftB0 a©|s^», WMtmffi 

±m-A^ 2 7 4 p - 9 t <Dmm s *js 4 r & ©#s 
30 [0039] ±ia©as«^©ii 0 -c* ^. 0 5 «. m 

HC*jWS±IB^S6> a 4, 4l/tr/S«MtL 

■5. ±IBftS0 a«Blte^|S)©ftS-C3 OgiWIfefi 
<. ffi©ftS© l/2fig-CASo 
[ 0 0 4 0 ] 0 6 «, ±IEftg£» a 4 . 1 4 U 

xmm b l /c*i^©mij£* m l /cb$© h ;u 9 smm 4 © 

[0 04 1 ] CWiMC, ±IBftae aB3 0S©B#, 

40 p+'^-h;!'*. bJV9mmtti>icMhi&<. mm* 

[ 0 0 4 2 ] ttfc, SSJHS(«»±ffi^AS2 7 ©£SB*/c 
2 7 K*J»tt(*:*ai«-rft«. U-*372 1 ©?*S*l 

[0043] ^ft^cctj. ±ssmsam^±m^M2 1 
©^gpa/cB-gpcc. mti*»^rji/5--5 A©«t^ 

^0®«f)'5.C4{Cj:0, ^ ^-9 ©SIS )i 4 K J; o 

so x 7k^»5*»*^885a»ffl^:rt »t? «Krr «ci*«a 



l/ii&tf. NHS. yc* hf : 

[0 044 ] *^UB5«i9:ffl^2 2rt»T*»o2HB£ttfls 

T 2 1 rtgp-C. rt»o±IB#ifitt{*K: <fc 0 PBS 3 ft/c^Ptf 
^©Tk^JfcE 2 3 ©i&ffiffl# d-$372 1 CC^ST £ 

[0045] sr. i2«, m i ©usswtcfcwsjkx 
«© i »«SfcDrt»&«£-*-asBfflwd>a< fto , 

S»3at#s*i>&<fcS. ±->t, a-^gfSl 2©J¥<&£ 
[0 04 6 ] l/fc^ot, •£©#. Xt— £i*g£|5]— 
h;l>*teP-*^SJCi:bW-£fcii>. <t<34>& 

[0 04 7 ] T&fc>*3, «HlBti-jilBS*^t<4 

ft*. * 
0 i = 3 6 0 • i /Nm+ 7 2 0 

) 

CCT. NmlJP-5'Illl-C*!), NtttXf-J© 

jtt, i*P-*«S»Nm©¥»-ri5c*>%N 
m/2rf!lo/ , cffi;#?ggfc£&£l#KttO. g£fc£&6fr 
HISKtt. i |3j±Pfl-C^n^ i £Nm/2-C£5-3 

fcffl©/jN»gP»*i|5|— -C*S»^{C*©Nm/2*?St? 
*>-}|i)-©lig$rC*&. 
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* [0 04 8] P-£fiBfiS8M>* 2 &©*§£{*. P-*Sf& 

l©r-^-Xgpi 1^3-^8(5 1 2r»SW»B**«*feb 

[0 04 9] t-*!B*B«ai«R©6Jf-'C* 0 . B 
2*>6HJ3fca>fcJ:5tC. *-*«ifeBO-*SB««*«4 

1>T«. o-i»«ffi«l*«4fl6©ti^KSll)*3Wftfei««,>. 
io P-£fiafiB$tf> s 4ffi©*§-£, xf- $*il2xa 

•> h r&fttf . =ffl«l»os«* 3 £ * ^*j^(c^# 
SJfi-rciJCiQ:*). P-^fiS^*W^4cfiJffl-C*S/cto 

[0 05 0] I3(J. C-$372 1 £i-"J P>^Wfi 
*«3%Sg, «/?0. 3 5nm©SI«£fSJiLr315B£Ofc 
B#©. XT--$^@{C*f-rSP-^^S©tb^<!:*-^ 

[0 05 1 ]@4B, Q-*372 14^ l j2>Mi 

#1 %*«!©. tsi¥o. bmriDrnfozmmuxftmLtc 

20 B#©, x^-^mKc^-r-SP-^^SWtb^i*-* 

[00 5 2] ±ia03*iJ:C>*S4^6Bje)^^J:'5^. 
X f - * ns(cs*r h P - * 7tS©tt*^ A S < & 4 K 
t*. iflia#ii&A>u t*««J«*n-rs<«isitc*s„ 

©Jt^#0. 47*^60. 5©ra-Cft'h£&-7-Ct,>&. 

u/ca^-t, xf--*jmic*t-rsp-^^s©J:b^ 

«. 0. 47*^0. 5©rart^fe*-£3i»#KC\ 
[0 0 5 3] <3Q6«2) H7B»2©l?*m7i%-S-* 
30 -^©Wffi0-C*>So 

[0 054] &SP~£e»CfcW£«3>&&K±ffl:n: 

imz. ifg (i tta-*^»Nm*»©S&«) © 

*&wx3mM±MKW»*-c<DPi&6 i \rm> (2> 

[0 05 5] 



j / (N t • Nm) 



(2 



[o o 5 6 ] mi(D^2oymmmx^ u~^mMk 

±fc (2) sSKSKfififcartttoSi. i<tj© 

<@« (*1 ) ©Jc^^CAj:^. 
[0057] 

mi) 



(7) 



11 
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1, 2, 3 (Nm=4*»Dg^gO 
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